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Inspired by the interesting photo- and electrochemical properties observed in bipyridinium and porphyrin 
containing interlocked catenanes, herein we describe new approaches towards the synthesis of related 
rotaxanes. Previous efforts in this domain had been hampered by the limited range of chemical reactions 
that are compatible with these motifs, however the use of a “click” methodology, together with a better 
understanding of the size of these strapped porphyrin macrocycles, resulted in the synthesis of a 10 
bipyridinium porphyrin [2]rotaxane in modest yields. X-ray crystallography of the zinc metalloporphyrin 
macrocycle used in this study revealed that in the solid state, these strapped porphyrins adopt a 1-
dimensional coordination polymer, in which an oxygen atom in the strap of one macrocycle is 
coordinated to the zinc metal center in an adjacent porphyrin ring.  
Introduction 15 
Mechanically interlocked architectures such as catenanes and 
rotaxanes remain a source of great interest due to their potential 
to act as molecular switches, relays, diodes, logic devices and 
other electronic components.1 In recent decades a variety of 
synthetic approaches have been used to make interlocked 20 
structures, including traditional kinetically controlled 
“stoppering” or “clipping” strategies,2, 3 template directed 
synthetic strategies (both active and passive)4 in which assembly 
of the desired interlocked structure is assisted by the use of a 
removable template, and more recently the assembly of 25 
interlocked structures under reversible thermodynamically 
controlled conditions.5 One commonly used motif that has been 
incorporated into a wide variety of interlocked structures is the 
electron deficient bipyridinium moiety. Pioneering research by 
Stoddart et. al., demonstrated that π-π stacking, and C-H---O 30 
interactions between bipyridinium threads, and suitable electron 
rich threads (usually based around hydro- and naphthoquinone 
molecules) can be exploited in the synthesis of a range of 
rotaxanes, catenanes and related interlocked architectures.2, 6, 7 
The rich electro- and photochemistry of the bipyridinium motif 35 
can be subsequently harnessed to induce molecular motion in 
more elaborate multi-station molecular switches.8  
 One area of our research involves the incorporation of 
porphyrins as fundamental components in supramolecular 
systems. Porphyrins have been incorporated into a wide variety of 40 
supramolecular architectures due to their rich photochemistry, 
electrochemistry and coordination properties.9 Metalloporphyrins 
in particular have been used as addressable components in a 
variety of assemblies such as tweezers10, arrays11, macrocycles or 
cages12, rotaxanes13, 14 and catenanes.15, 16, 17 Furthermore, 45 
porphyrins have been the choice of photoactive systems in 
various light-harvesting arrays,18 and as models for artificial 
photosynthesis.19 Many of these porphyrin based artificial 
synthesis models comprise of systems in which the electron 
donor and acceptor are held together by covalent bonds. However 50 
the principles of self assembly have provided an alternative 
approach to the construction of porphyrin model systems, in 
which electron donors and acceptors are held together by non-
covalent forces.20 This approach more closely resembles the 
natural photosynthetic regime in which donors and acceptors are 55 
held in close proximity via a protein backbone.21 The use of non-
covalent interactions to position donors and acceptors close to a 
photoactive porphyrin receptor provides the opportunity for rapid 
and efficient photoinduced electron transfer and forced 
intermolecular charge separation of the resultant redox ion 60 
pairs.22 These principles inspired the synthesis of a series of 
[2]catenanes containing a photoactive porphyrin and an electron 
deficient bipyridinium macrocycle.16, 23, 24, 25 By keeping the 
electron poor subunit in close proximity to the photoactive 
porphyrin, there was an apparent advantage of being able to 65 
provide a rapid forward reaction and a forced charge separation 
of redox ion pairs in photoinduced electron transfer 
experiments.24 It is anticipated that if a second station that 
stabilizes the charge separated state could be incorporated into 
the catenane or rotaxane structure, longer lived charge separation 70 
may be achieved.  
 One significant problem for the future extension of this work, 
is that despite the advances in the range of reactions that can be 
used for synthesis of interlocked molecules, surprisingly few 
approaches are suitable for the synthesis of interlocked structures 75 
containing both strapped porphyrin macrocycles and 
bipyridinium motifs.  Strapped porphyrin bipyridinium catenanes 
have been synthesized using a clipping strategy,16, 25, 26 however 
previous attempts to synthesize rotaxanes incorporating these 
 2  |  Journal Name, [year], [vol], 00–00  This journal is © The Royal Society of Chemistry [year] 
motifs using a variety of conditions including acid-chloride and 
EDC ester coupling reactions proved unsuccessful.14 Conditions 
that must be avoided include; i) acidic environments due to the 
obvious repulsive forces between charged bipyridinium threads 
and the resulting protonated porphyrin; ii) reaction conditions that 5 
use coordinating solvents (eg DMSO, methanol) or reagents and 
bases ( e.g. triphenylphosphine, pyridine) that can compete for 
the binding site inside the cavity of the metalloporphyrin 
macrocycles; and iii) strong bases, which can lead to the 
decomposition of the bipyridinium motif.  10 
 The Huisgen 1,3–dipolar cycloaddition or “click” reaction 
between azides and alkynes in recent years has proved 
particularly versatile in the synthesis of a wide variety of 
interlocked architectures, due to its mild reaction conditions 
which favour complexation.27 More importantly, the reaction 15 
conditions associated with this reaction avoid the use of acidic 
environments, competitive ligands, and strong bases, making it a 
suitable reaction for the synthesis of bipyridinium porphyrin 
containing [2]rotaxanes. Herein we report investigation into the 
factors influencing the formation of bipyridinium strapped 20 
porphyrin containing [2]rotaxanes, and their subsequent synthesis 
using click chemistry. 
Results and Discussion 
Before any attempts to synthesize bipyridinium-porphyrin 
containing rotaxanes was undertaken, the size complementarity 25 
between the stopper groups on the thread and the cavity of the 
macrocycle was investigated. Only one [2]rotaxane using these 
types of stropped porphyrin as the macrocycle has been 
previously reported despite numerous unsuccessful attempts, and 
so it was deemed necessary to establish that difficulties in 30 
rotaxane synthesis was not due to a larger than anticipated 
macrocycle cavity size.14 As a starting point for our investigation, 
a series of bipyridinium threads with increasingly sized R groups 
(1a-c)7, and a series of strapped porphyrin macrocycles of 
differing size (2-4)28 were synthesized according to literature 35 
procedures (see Figure 1). These bipyridinium threads have been 
used previously to gain a better understanding of the size of the 
cavity in related dinaphthocrown ether macrocycles.7, 29 
 1H NMR spectra of equimolar mixtures of threads 1a-c with 
each of the strapped porphyrin macrocycles 2-4 were obtained 40 
and assessed for evidence of pseudorotaxane formation which 
would indicate that the size of the stopper was in fact too small to 
be used in future rotaxane synthesis. Evidence of binding was 
observed for the largest macrocycle 4 with all three of the threads 
(1a-c). In addition the mixture of macrocycle 3 and thread 1a also 45 
showed evidence of pseudorotaxane formation.  
 A typical 1H NMR spectrum for the equimolar mixture of i-
propyl thread 1b and porphyrin 4 can be seen in Figure 2. As can 
be seen, the system is in slow exchange on the NMR chemical 
shift timescale, with two sharp peaks corresponding to the bound 50 
and unbound states being observed for both the thread and 
macrocycle components. Those peaks corresponding to the bound 
pseudorotaxane complex were all observed to have shifted 
upfield relative to the uncomplexed counterparts due to shielding 
effects of the porphyrin ring, with the largest upfield shifts being 55 
observed for the bipyridinium proton resonances (  -1.32 ppm 
and -1.43 ppm for protons a and b respectively). Significant 
upfield shifts were also observed for the porphyrin meso ( -
0.16 ppm) and hydroquinone ( -0.13 ppm) protons,  
	
Figure 1. Bipyridinium threads and porphyrin macrocycles used in the 
size complementarity binding study. 
Figure 2. Partial 1H NMR spectrum of an equimolar mixture of 
bipyridinium thread 1b and porphyrin macrocycle 4 in CDCl3 at 303 K. 
Red numbering designates protons in the unbound state, and blue 
numbering refers to those protons in the bound pseudorotaxane structure. 
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suggesting co-planar orientation of the thread and macrocycle, 
indicative of pseudorotaxane formation. 1H NMR spectra were 
also obtained for the remaining thread:macrocycle 
pseudorotaxane mixtures (4:1a, 4:1c, and 3:1a) and show very 5 
similar changes in chemical shift as that described above for 
pseudorotaxane 4:1b. Variable temperature NMR studies confirm 
that the pseudorotaxane mixture was in slow exchange 
equilibrium, with increasing amounts of pseudorotaxane being 
formed at lower temperatures (see supplementary information, 10 
Figure S1). 
 Diffusion Ordered NMR spectroscopy (DOSY) was used to 
aid the full assignment of the pseudorotaxane 1H NMR spectra 
(see Figure 3). This technique has been used to assist structural 
determination of supramolecular complexes, cages or related 15 
interlocked structures.30 One advantage of this technique when 
analysing complex mixtures is that it allows individual proton 
spectra to be extrapolated without separation of the components 
in the mixture, something not feasible in the case of equilibrating 
systems.31  20 
 The DOSY NMR spectrum shows that for a 1:1 mixture of 1b 
and 4, the uncomplexed porphyrin has the higher diffusion 
coefficient followed by the pseudorotaxane complex and finally 
the uncomplexed thread. These diffusion coefficients can then be 
used to approximate the hydrodynamic radii of each component 25 
using the Stokes-Einstein equation (see Table 1).  Surprisingly 
the radius of the pseudorotaxane complex is smaller than that of 
the uncomplexed thread, suggesting that in the pseudorotaxane 
structure the thread is folded around the macrocycle to maximize 
favorable non-covalent interactions, an effect observed in similar 30 
supramolecular systems.32 
Table 1: Experimentally determined diffusion coefficients (D) and the 
corresponding calculated hydrodynamic radii (rs). 
Species D (10-10 m2s-1) rs (10-10 m) 
1b 1.67 ± 0.47 25.5 ± 7.2 
1b:4 complex 3.62 ± 0.46 11.8 ± 1.5 
4 6.47 ± 0.49 6.6 ± 0.5 
 
 Given the slow exchange nature of the pseudorotaxane 35 
equilibrating systems described above, binding constants could be 
calculated from the integral ratios of the bound and unbound 
peaks in the 1H NMR spectra at 30 ˚C in CDCl3 (see Table 2 and 
Figure S2). The binding constants were found to be relatively 
independent of stopper size, which is not surprising given the 40 
remoteness of the stopper R groups from the center of the 
porphyrin cavity. However for a single thread 1a, the binding 
constant for porphyrin 3 versus porphyrin 4 is increased. This is 
largely due to the larger aromatic system and π-donor capacity of 
the naphthyl group in 3 leading to inherently stronger complexes 45 
with the electron deficient bipyridinium π-acceptor unit in the 
thread.  No binding was observed for any other combinations of 
thread and porphyrin, indicating that for the smaller strapped 
porphyrin macrocycles 2 and 3, either an i-propyl or t-butyl 
stopper would be sufficient to prevent dethreading in future 50 
rotaxanes. However, for porphyrin macrocycle 4, larger stoppers 
will need to be synthesized and tested before rotaxane synthesis 
can commence.  
Figure 3. DOSY NMR experiment performed on a mixture of 1b and 4 in CDCl3 at 303 K. The corresponding 1D proton NMR slices for the thread 
1b (top), pseudorotaxane (middle) and macrocycle 4 (bottom) are shown on the right (concentration = 4 mmolL-1). 
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Table 2: Calculated binding constants for the pseudorotaxane mixtures in 
CDCl3 at 303 K (concentration = 4 mmolL-1). 
Thread Porphyrin Ka (M-1)[a] 
1a 4 60  
1b 4 150 
1c 4 190 
1a 3 270 
1b 3 No binding 
[a] Errors < 15 %. 
 Experiments to attempt to force rotaxane formation between 
porphyrin 3 and the thread 1b at higher temperature according to 5 
a slippage protocol were also undertaken. However despite 
heating the mixtures to 80 ˚C in toluene for several days, no 
evidence of rotaxane formation was observed. At higher 
temperatures (greater than 100 ˚C) evidence of decomposition 
was observed, indicating the kinetic barriers required to force the 10 
macrocycle over the bulty stoppers are too high in this system.  
 Rotaxane Synthesis. Having established the size relationship 
between the available strapped porphyrins and the bipyridinium 
threads, a protocol for rotaxane synthesis was investigated (see 
Scheme 1). The porphyrin chosen for investigation was 15 
naphthoquinone strapped porphyrin 5, as the cavity size of this 
macrocycle will prevent deslippage, but also because binding 
studies showed increased affinity toward bipyridinium motifs due 
to the enhanced π-stacking capacity of the naphthoquinone unit in 
the strap as compared to a simple hydroquinone unit. One 20 
modification to the porphyrin was the introduction of hexyl side 
chains on the porphyrin ring in an effort to increase the solubility 
of both the starting porphyrin and the final rotaxane. The 
synthesis of such a strapped porphyrin has been previously 
reported,17 however during isolation of the porphyrin, crystals 25 
suitable for X-ray crystallographic structure determination were 
obtained (Figure S3). 
 In the crystal structure of 5 the zinc(II) atom is 5-coordinate, 
with 4 sites being occupied by the porphyrin macrocycle and the 
5th by an oxygen atom belonging to the crown ether strap of a 30 
neighbouring molecule (Figure 4). The result of this connectivity 
is formation of a one-dimensional coordination polymer (Figure 
5). The crystal packing of adjacent polymeric chains is influenced 
by C-H···π, Ar-H···π and C-H···O interactions. The porphyrin ring 
deviates somewhat from planarity which is commonly observed 35 
in zinc(II) porphyrin complexes. This crystal structure is 
somewhat unexpected given the fact that recrystallisation was 
perfomed in chloroform:methanol solutions, and it is usually 
assumed that either methanol or water molecules occupy this fifth 
coordination site. Nevertheless it is unlikely that this is polymeric 40 
structure is a dominant feature in solution due to the symmetrical 
nature of the 1H NMR of 5. It does however highlight the 
flexibility of the strap of these strapped porphryin macrocycles. 
 Having obtained strapped porphyrin macrocycle 5, attempts to 
synthesise a bipyridinium containing [2]rotaxane using a “click” 45 
	
Scheme 1. Synthesis of a bipyridinium strapped porphyrin containing 
[2]rotaxane. Reagents and conditions; i) Cu(MeCN)4PF6, TBTA, dry 
DCM, rt, 7 days . 
	
Figure 4. Crystal structure of 5 with 50 % thermal ellipsoids. The colour 
scheme is similar to Scheme 1 (green = porphyrin ring, black = strap 
ethoxy bridges, red = naphthoquinone aromatic, blue = methyl side 
chains and grey = first carbon of the hexyl side chains, the remaining 
atoms of the hexyl side chain are omitted for clarity but can be see in 
Supplementary Information Figure S3). The Zn-O coordinate bond is 
shown in blue and green. Hydrogen atoms have been omitted for clarity. 
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protocol were undertaken. Equimolar amounts of porphyrin 5 and 
bipyridinium alkyne 6 were stirred in dry DCM under argon for 
approximately 30 minutes. After this time, two equivalents of 
stopper azide 7, Cu(MeCN)4BF4 and TBTA were added, and the 
reaction mixture was stirred for 7 days (see Scheme 1). Column 5 
chromatography afforded the desired pure rotaxane 8 in 21 % 
yield, which was characterised by 1H, 13C NMR and ESI-MS 
(mass peak at m/z 1416.8254 [M-2PF6]2+). The partial 1H NMR 
spectrum of 8 in acetone-d6 is displayed in Figure 6. 
 1H NMR analysis of the [2]rotaxane 8 revealed significant 10 
upfield shifts in both the bipyridinium and porphyrin macrocycle 
protons. The bipyridinium protons a and b are shifted upfield 
from 9.31 and 8.61 ppm in the dumbbell 9 to 7.42 and 4.25 ppm 
in the rotaxane 8 indicative of a shielding effect from the 
porphyrin. Similarly, the peaks for the porphyrin meso and 15 
hydroquinone protons () have been shifted upfield, appearing 
at 9.88, 6.37 and 5.70 ppm in the bound rotaxane as compared to 
their typical shifts when unbound of 10.16, 7.11 and 6.28 ppm. 
Conversely the hydroquinone proton is shifted downfield ( 
0.44 ppm) relative to its position in the unbound macrocycle, 20 
which is suggestive of an offset orientation of the bipyridinium 
and naphthoquinone aromatics, resulting in deshielding edge-to-
edge interactions between the bipyridinium and crown protons 
(). Similarly the ethylene protons in the strap of the porphyrin 
are all shifted downfield by various degrees. The protons 18 and 25 
19 exhibit the most deshielding (0.81 and 0.76 ppm respectively) 
while those above and below these positions are affected to a 
lesser extent. This is due to the location of the porphyrin strap in 
the deshielding region (edge) of the bipyridinium moiety, an 
effect that has been seen in related porphyrin-diimide rotaxanes, 30 
and one that is indicative of interlocked assemblies containing 
these strapped porphyrin macrocycles.14, 17 
Conclusions 
This study has shown that the size of the cavity of these 
interesting redox- and photo-active macrocycles are not to 35 
dissimilar to related dinaphtho crown ether macrocycles. 
Although the larger strapped porphyrin macrocycles 4 will need 
larger stopper groups to be developed before rotaxane synthesis if 
possible, no such problems are encountered for the smaller 
porphyrins 2 and 3. X-Ray crystallography of a crystal of the zinc 40 
metallo-porphyrin 5 showed that although in solution no evidence 
of intra- or indeed inter-molecular interaction between the zinc in 
the porphyrin ring and the oxygens in the strap is observed, in the 
solid state this type of interaction leads to the formation of a 1-
dimensional coordination polymer. This is quite surprising given 45 
the fact that such crystals are grown from a chloroform:methanol 
solution in which it is traditionally assumed that either water or 
methanol molecules occupy this fifth zinc coordination site. The 
X-ray crystal structure shows that for one of the two porphyrin 
macrocycles in the assymetric unit, the strap has significantly 50 
folded to one side of the porphyrin face in order to accommodate 
coordination of the ethoxy oxygen atom to the zinc. This strap 
flexibility has previous led to the formation unusual coordination 
complexes with bulky pyridine coordinating to the same side of 
the porphyrin as the strap.33 In addition some of the previous 55 
failed attempts to synthesise [2]rotaxanes have been attributed to 
the  strap folding over preventing the threading of guests through 
the cavity of the macrocycle, a theory that is somewhat supported 
by this observation. Despite these challenges, we have however 
demonstrated that the Huisgen 1,3-dipolar cycloaddition “click” 60 
reaction can be used successfully to synthesise a strapped 
porphyrin bipyridinium [2]rotaxane  in reasonable yields. Future 
work will investigate the synthesis of a series of 
bipyridinium:strapped porphyrin rotaxanes and study the effects 
of size, flexibility and different π-acceptors have on the photo- 65 
and electro- chemical properties of these rotaxane architectures. 
Experimental  
General Considerations. All solvents were dried before use, 
using standard procedures: tetrahydrofuran was distilled over 
benzophenone and sodium; N,N-dimethylformamide, 70 
dichloromethane (AR grade), and chloroform (AR grade) were 
dried over type 3 Å molecular sieves; acetone (AR grade) and 
acetonitrile (AR grade), were dried over type 4 Å molecular 
sieves; and triethylamine was dried over KOH. Solution NMR 
spectra were recorded on a Bruker 400 MHz spectrometer and 75 
referenced to the relevant solvent peak. ESI-high-resolution mass 
spectra were obtained using a QTOF LC mass spectrometer 
	
Figure 6. 1H NMR spectra in acetone-d6 of bipyridinium thread 9 (top), 
[2]rotaxane 8 (middle) and strapped porphyrin macrocycle 5 (bottom).  
Numbers and colouring refer to Scheme 1. 
	
Figure 5. View of the crystal structure of 5 expanded to show the 1-
dimensional connectivity arising through propagation of Zn-O coordinate 
bonds. The hydrogen atoms and alkyl side-chains of the porphyrin ring 
have been omitted for clarity. 
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which utilized electrospray ionization. Melting points were 
measured on a variable-temperature apparatus by the capillary 
method and are uncorrected.  
X-Ray Crystallography 
 Single crystal X-ray diffraction data for 5 were collected at 5 
173(2) K under the software control of CrysAlis CCD34 on an 
Oxford Diffraction Gemini Ultra diffractometer using Mo-Kα 
radiation generated from a sealed tube. Data reduction was 
performed using CrysAlis RED.34 Multi-scan empirical 
absorption corrections were applied using spherical harmonics, 10 
implemented in the SCALE3 ABSPACK scaling algorithm, 
within CrysAlis RED1 and subsequent computations were carried 
out using the WinGX-32 graphical user interface.35 The structure 
was solved by direct methods using SIR9736 and refined with 
SHELXL-97.37 The crystal structure contains two complete 15 
molecules in the asymmetric unit. Most full occupancy non-
hydrogen atoms were refined with anisotropic thermal 
parameters. Elongated ellipsoids for some atoms of one of the 
crown ether straps (C125-C130, O13-O16) indicate large thermal 
motion or possible slight positional disorder however alternate 20 
positions for the affected atoms were only located for one of the 
atoms (C129, occupancy 0.6) which was modelled in a second 
postion (C229, occupancy 0.4). Significant disorder was observed 
at the termini of two hexyl side chains and interatomic distance 
restraints were used where necessary to afford a sensible model. 25 
A total of 14 non-hydrogen atoms were refined with isotropic 
thermal displacement parameters as anisotropic refinement of 
these atoms led to an unreasonable model due to the extent of the 
disorder despite data collection being carried out at the relatively 
low temperature of 173 K. CH hydrogen atoms were included in 30 
idealised positions and a riding model was used for their 
refinement. Crystal data and refinement details for (5): 
C82H104N4O8Zn, M = 1339.06, triclinic, P1¯ , a = 15.9841(3) Å, b 
= 20.5840(5) Å, c = 24.950(5) Å, α = 111.656(2),  = 
106.005(2),   = 94.587(2), V = 7180(2) Å3, Dc = 1.239 g cm–3, 35 
Z = 4, crystal size 0.22  0.11  0.03 mm, red prism, 173(2) K, 
(Mo-K) = 0.71073, T(Empirical)min,max = 0.96, 1, 2max = 57.6, 
hkl range –21 to 21, –27 to 26, –33 to 33, N = 101687, Nind = 
33202 (Rmerge = 0.059), Nobs = 19837 (I > 2(I)), Nvar = 1651, 
residuals R1(F, 2) = 0.066, wR2(F2, all) = 0.192, GoF(all) = 40 
1.003, min,max = –1.15, 1.61 e Å-3. The refinement residuals are 
defined as R1 = ||Fo| – |Fc||/|Fo| for Fo > 2(Fo) and wR2 = 
{[w(Fo2 – Fc2)2]/[w(Fc2)2]}1/2  where w = 1/[2(Fo2) + (AP)2 + 
BP], P = (Fo2 + 2Fc2)/3,  A = 0.11 and B = 0. The CIF file has 
been deposited with the Cambridge Structural Database (CCDC 45 
reference number 898049) and can be obtained free of charge 
from the Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif. 
Synthesis 
 The synthesis of the bipyridinium threads 1a-c,7 and strapped 50 
porphyrins 2-517, 28 have been previously reported. The synthesis 
of stopper azide 7,38 and bipyridine alkyne 639 were synthesised 
according to literature procedures. 1H and 13C spectra of 8 and 9 
can be found in Figure S4-S7. 
 Bipyridinium [2]Rotaxane (8). The strapped porphyrin 55 
macrocycle 5 (40 mg, 0.030 mmol) and bipyridinium alkyne 6 
(16 mg, 0.030 mmol) were dissolved in dry DCM (5 mL) and 
stirred under argon for 30 minutes to ensure pseudorotaxane 
formation. After this time, stopper azide 7 (36 mg, 0.060 mmol), 
Cu(MeCN)4PF6 (4 mg, 0.012 mmol) TBTA (6 mg, 0.012 mmol) 60 
of were added, and the resulting mixture was stirred under Ar for 
a further 7 days. The reaction was then diluted with DCM and 
washed with sat. NH4Cl to remove any excess copper, dried over 
Na2SO4 and the solvent removed. The crude product was then 
purified by column chromatography (SiO2: 98:2 MeOH: DCM to 65 
90:10 MeOH:DCM) to give the stoppered dumbbell 9 (29 mg, 
55%), as well as the pure rotaxane 8 as a purple solid (20 mg, 
21%); m/z (ESI-MS) [M - 2PF6]2+ 1416.8254 (calc. 1416.8284); 
1H NMR (400 MHz, acetone-d6)   9.88 (2H, s, H1), 7.99 (2H, s, 
He), 7.92 (2H, m, H13), 7.75 (2H, d, J = 8 Hz, H11), 7.69 (2H, d, 70 
J = 8 Hz, H14), 7.44-7.49 (6H, m, H12 & Hb), 7.26-7.28 (12H, 
m, stopperArH), 7.03-7.08 (16H, m, stopperArH), 6.74 (4H, d , J 
= 9 Hz, stopperArH), 6.38 (2H, d, J = 9 Hz, H), 5.70 (2H, m, 
H), 5.65 (2H, m, H), 4.83-4.85 (4H, m, Hc), 4.66-4.68 (4H, m, 
H16), 4.62 (4H, m, Hf), 4.39 (4H, m, Hh4), 4.25 (4H, d, J = 6 Hz, 75 
Ha), 3.75-3.78 (12H, m, Hh4, Hh & Hi), 3.58-3.62 (20H, m, H17-
22), 3.51 (4H, m, Hg), 3.24-3.27 (4H, m, Hd), 2.62 (12H, s, H7), 
2.10-2.15 (8H, m, Hh5), 1.73-1.76 (8H, m, Hh6), 1.43-1.49 (8H, 
m, Hh7), 1.34-1.40 (8H, m, Hh8), 1.28 (54H, s, t-But), 0.86-0.90 
(12H, m, Hh9); 13C NMR (100 MHz, acetone-d6)  158.8, 156.7, 80 
153.1, 148.3, 147.6, 145.7, 144.3, 143.5, 141.8, 141.7, 139.5, 
137.9, 134.4, 132.5, 131.9, 130.5, 124.8, 124.2, 123.8, 123.5, 
121.7, 115.6, 113.1, 113.0, 112.7, 103.2, 96.5, 69.3, 67.1, 63.0, 
34.0, 33.7, 31.9, 30.8, 29.9, 29.8, 26.5, 22.6. 14.2, 13.5. 
 Bipyridinium stoppered thread (9). Bipyridinium alkyne 6 85 
(50 mg, 0.094 mmol) and stopper azide 7 (125 mg, 0.21 mmol) 
were dissolved in dry acetone (50 mL). Cu(MeCN)4PF6 (12 mg, 
0.037 mmol) and TBTA (18 mg, 0.012 mmol) were then added 
and the resulting mixture was stirred under Ar for 2 days. The 
solvent was then removed in vacuo. The residue was then taken 90 
up in DCM (100 mL) and washed with sat. NH4Cl (40 mL) and 
H2O (40 mL), dried over Na2SO4 and the solvent removed. The 
crude product was then purified by column chromatography 
(SiO2: 90:10 MeOH:DCM) to give the stoppered dumbbell 9 (142 
mg, 85%); m/z (ESI-MS) [M - 2PF6]2+ 748.4514 (calc. 748.4711); 95 
1H NMR (400 MHz, acetone-d6)   9.32 (4H, d, J = 6 Hz, Hb), 
8.61 (4H, d, J = 6 Hz, Ha), 7.88 (2H, s, He), 7.32-7.34 (12H, m, 
stopperArH), 7.13-7.17 (16H, m, stopperArH), 6.81 (4H, d , J = 8 
Hz, stopperArH), 5.24-5.28 (4H, m, Hc), 4.56-4.58 (4H, m, Hf), 
4.05-4.07 (4H, m, Hh), 3.91-3.94 (4H, m, Hi), 3.80 (4H, m, Hg), 100 
5.58-4.61 (4H, m, Hd), 1.30 (54H, s, t-But); 13C NMR (100 MHz, 
acetone-d6)  156.7, 149.8, 148.3, 146.3, 144.4, 139.8, 132.0, 
130.5, 126.8, 124.4, 113.3, 69.2, 69.1, 67.2, 67.1, 63.1, 61.4, 
49.7, 34.0, 30.8, 27.0. 
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